There is currently an urgent need to develop efficient genedelivery systems for the lung that are free of inflammatory effects. The LID vector is a synthetic gene delivery system, comprised of lipofectin (L), an integrin-targeting peptide (I) and DNA (D) that has previously been shown to have high transfection efficiency in the lung. We have assessed the effect of alternative methods of complex preparation on structural features of the complex, levels and duration of reporter gene expression and the host response to the LID vector. We have demonstrated that making the complex in water affects the structure of the LID complexes making them smaller and more stable with a more cationic surface charge than complexes prepared in phosphate-buffered saline (PBS). When the LID vector was constituted in water and instilled intratracheally into the lungs of mice there was a 10-fold increase in luciferase activity compared with preparation in PBS. Furthermore, luciferase activity was still evident 1 week following vector instillation. This enhancement may be because of altered complex structure, although effects of the hypotonic vector solution on the lung cannot be excluded. The inflammatory effects of instilling the LID vector in water were minimal, even after three administrations of the LID vector, with only mild alterations in cytokine and broncho-alveolar lavage fluid (BALF) cell profiles. These results demonstrate that the LID vector can generate high, and prolonged, levels of gene expression in the lung from small quantities of DNA and that careful attention to synthetic polyplex structure may be important to optimize efficiency of gene expression in vivo.
Introduction
Gene therapy has the potential to lead to novel treatment strategies for diseases. Human trials have already demonstrated clinical improvement in conditions such as haemophilia, 1 cardiovascular disease, 2 cancer 3 and Xlinked severe combined immunodeficiency disease. 4 Many diseases affecting the lung, such as asthma, lung cancer, pulmonary fibrosis and cystic fibrosis may be amenable to gene therapy. Initial clinical trials in cystic fibrosis, although promising, have highlighted the need to develop a safe and efficient vector system for pulmonary gene therapy to fulfil its potential. [5] [6] [7] The LID vector consists of a cationic liposome (L), an integrin-targeting peptide (I), with a 16 lysine tail, and plasmid DNA (D), combined in optimal proportions to form an electrostatic complex, which has previously been shown to efficiently transfect a number of cell types in vitro. 8 The LID vector efficiently transfected the lungs of rats mediated, at least in part, via the integrin-targeting component of the complex. 9 Luciferase reporter gene expression from this vector lasted for at least 3 days but b-galactosidase activity, with a longer half-life, was demonstrable for at least 1 week. In these previous studies, the complex was instilled into the lungs in the physiological buffer phosphate-buffered saline (PBS). 9 Studies assessing viral vectors, and naked DNA, have demonstrated that instillation in water can lead to enhanced gene delivery because of both increased transepithelial permeability, and receptor expression, on the cell surface. [10] [11] [12] Studies assessing the effect of instillate salt content on the lung have not been performed using lipopolyplexes and would be further complicated by the observation that the physical and chemical characteristics of such complexes are altered in differing ionic environments. For example, lipid fusion and aggregation occurred when synthetic polycationic vectors were added to physiological buffers 13 or serum, 14 whereas in hypotonic buffers complex size was smaller and aggregation inhibited. 13 Targeted delivery of genes to the lung following intravenous administration of complexes with an overall negative charge ratio was successful, 15 but there was no formal assessment of the physicochemical properties of this system. Therefore, at the current time there is no consensus as to the optimal size, or charge, of non-viral complexes for in vivo transfection.
We have determined the effect of altering the ionic composition of the LID vector on the size and charge of the LID vector complex and levels of gene expression in the lung following intratracheal delivery. In an attempt to optimize levels of gene expression from the LID vector, we have determined that the ionic nature of the instillate alters the size and charge of the LID vector and that may be responsible for affecting its performance. Furthermore, as the toxicity of non-viral systems is related to a number of factors including the dose and route of delivery, 16 the ionic nature of the instillate 10 and structural parameters of the complex, 17 we have assessed the proinflammatory profile of LID vector transfection under differing conditions. The LID vector, instilled in water, gives enhanced levels of gene expression, with minimal toxicity and can be administered repeatedly with minimal diminution of gene expression.
Results

Effect of buffer on physicochemical properties of LID particles
In order to determine whether physicochemical characteristics of the LID vector were affected by formulation in different buffers, the size and surface charge of the LID complex were determined when prepared in either PBS or deionized water (H 2 O). Particle sizes were measured in water at DNA concentrations of 160 and 320 mg/ml, equivalent to the 8 and 16 mg doses of DNA used in the in vivo experiments. Figure 1 shows representative data for complexes formed at 160 mg/ml.
It demonstrates that complexes formed in H 2 O were homogeneous with an average size of 100 nm. These characteristics were stable for at least 2 h. For LID complexes at a DNA concentration of 320 mg/ml, the average particle size and polydispersity index were 25275 nm and 0.4370.03, respectively. However, complexes made in PBS were much larger with an initial size of approximately 1 mm that increased to over 2 mm within 20 min and reached the maximal determinable size by about 40 min (Figure 1) . Similar results were obtained from two independent experiments. The zeta potential of the LID complexes was +50 and +1 mV when prepared in H 2 O or PBS, respectively.
Effect of instilling the LID vector in a hypotonic solution
Gene expression of the LID vector prepared in water and PBS was compared as salt concentration influences both the physical properties of the vector complex and the host environment, either of which may affect the transfection efficiency. Complexes containing 8 mg of plasmid encoding the luciferase gene (pCI-luc) were prepared either in H 2 O (LID/H 2 O) or PBS (LID/PBS), immediately prior to intratracheal instillation, and luciferase activity was measured 1 and 7 days later. Luciferase activity in murine lung was significantly elevated, by about 10-fold, following LID/H 2 O instillation compared with LID/PBS (Po0.005, Figure 2 ). Previous studies, in rat lung, using the LID vector prepared in PBS demonstrated that luciferase activity returned to control levels 7 days following instillation. 9 Although luciferase activity was significantly reduced 7 days following instillation of LID/H 2 O (median 3.8 relative light units (RLU)/mg protein, range 2.3-386), activity was still significantly greater than nontransfected control values (0.3 RLU/mg protein range 0.1-0.6, Figure 1 The effect of instillate on particle size over time. The LID vector complexed in water (closed circles) is small (100 nm) and more stable not increasing in size over time. The LID vector complexed in PBS (open circles) is larger at over 1 mm in diameter and aggregates to almost 3 mm after 1 h. The data shown are representative of two independent experiments. Each point represents the mean7s.e.m. of five measurements. Where no error bar is shown, the error was within the point. Po0.01). In order to determine whether the enhancement of transfection was mediated via increasing transepithelial permeability, the LID vector was instilled in PBS with EGTA at concentrations from 25 to 400 mM. Levels of luciferase activity were maximal using 100 mM EGTA with a median RLU of 85. 5 Effect of increasing dose of luciferase cDNA within the LID vector complexed in water Animals were transfected with the LID vector containing increasing doses of DNA in water to determine whether reporter gene activity could be further enhanced and to establish safety limits of the LID vector in terms of the local inflammatory response. Four doses between 1.6 and 32 mg of plasmid encoding the luciferase gene (pCI-luc) within LID/H 2 O were instilled. All complexes were instilled in a total volume of 50 ml per animal. Luciferase activity was assessed by biochemical analysis of lung homogenates and, following instillation of 8 and 32 mg, by immunohistochemistry. Luciferase activity was increased in a dose-dependent manner, with an increase in luciferase activity of approximately seven-fold following a 10-fold increase in plasmid dose, from 1.6 to 16 mg (Figure 3 ). There was no further significant increase in luciferase activity following transfection with complexes containing 32 mg plasmid DNA. When luciferase expression was localized immunohistochemically, following instillation of 8 mg of DNA, there was evidence of transgene expression in many of the apical epithelial cells of bronchi (see Figure 4c 
Formation of LID vector complexes in water alters RG Jenkins et al
The full extent of the inflammatory response following LID/H 2 O instillation into murine lungs was assessed semiquantitatively with lungs scored on a scale from 0 (completely normal lung with no inflammation) to 3 (extensive destruction with complete obliteration of the alveoli). Animals transfected with 8 mg of pCI-luc had a mean score only slightly above that of untransfected controls (0.75 versus 0.56 Po0.05, see Figure 6 ), whereas the inflammatory score was almost doubled in animals transfected with 32 mg of pCI-luc (1.42 Po0.001, see Figure 6 ).
Effect of LID complex on cytological profiles and cytokines in broncho-alveolar lavage fluid. There was minimal histological evidence of inflammation at the standard 8 mg dose of plasmid DNA instilled into the lung by the LID/H 2 O system, so the inflammatory response at this dose was investigated further by cytological assessment (Table 1 ) and measurement of proinflammatory cytokines (Table 2) . Results were compared with those for animals instilled with water alone, LID/PBS or saline control. Animals instilled with saline had a normal broncho-alveolar lavage fluid (BALF) cell profile consisting predominantly of macrophages. Total BALF cell numbers were increased following LID/PBS instillation compared with LID/H 2 O groups because of an increased number of macrophages, which appeared morphologically normal (see Table 1 ). The total cell number in LID/H 2 O groups was similar to Table 1 ). Assessment of inflammatory mediators in BALF from LID vector transfected animals showed no difference in levels of prostaglandin E 2 (PGE 2 ), tumour necrosis factora (TNFa), interleukin-1b (IL-1b), or interferon-g (IFNg) compared with respective instillate control groups. Levels of IFNg were low following instillation of PBS or LID/PBS, but significantly increased following instillation of water or LID/H 2 O, with a trend towards an increase in IFNg following transfection compared with water alone, but this was not significant. Overall, there was no significant difference in any parameter measured between LID/H 2 O and H 2 O instillation alone (Table 2) . 18-20 Previous studies in rat lung using the LID vector demonstrated that a second instillation of the LID vector in PBS was possible without significant inflammation or diminution of transgene expression suggesting minimal immunogenicity, 9 which is supported by the above lavage data. In order to determine the immunogenic potential of LID/ H 2 O, the vector containing 8 mg of DNA was instilled intratracheally three times at 10-day intervals and histological sections and luciferase activity were assessed 1 day after the initial and the third instillation. Histological evaluation after the third instillation showed that the inflammatory score was not significantly increased compared with that following a single instillation (single instillation, 0.7570.06; repeated instillations, 0.9570.1). Furthermore, levels of gene expression were still significantly elevated after three instillations (median 342 versus 0.5 RLU/mg control transfection Po0.05), although there was a 50% reduction in median luciferase activity following the third instillation compared to a single instillation (Figure 7 ).
Discussion
Gene transfer to the lungs shows promise for the development of new treatments for life-threatening conditions, such as cystic fibrosis, lung cancer and pulmonary fibrosis. Pulmonary gene transfer using non-viral systems has been hindered by low transfection efficiency. Furthermore, efforts to increase the dose of complex delivered have demonstrated dose-dependent pulmonary inflammation, limiting the amount of DNA that can be administered intratracheally. 16 Therefore, mechanisms to improve gene expression from current non-viral systems are urgently required. Here we show that formulation of a synthetic vector system in water, rather than saline, has beneficial effects on the level and duration of reporter gene expression in the lung. Figure 7 Luciferase activity in whole-lung lysates 1 day following instillation after one or three weekly administrations of the LID vector in water. Luciferase activity is significantly reduced following the third instillation of the LID vector. Both groups are significantly greater than lungs transfected with irrelevant plasmid (data not shown).
Formation of LID vector complexes in water alters RG Jenkins et al
Instillation of hypotonic solutions into the lung damages the intercellular tight junctions of the epithelium, and thereby may facilitate increased gene expression from non-viral systems. 10 There was minimal histological evidence of lung injury, a mild lymphocytosis and a trend towards granulocytosis with an increase in the IFNg following instillation of LID/H 2 O. There was a similar trend towards granulocytosis and a lesser, but nevertheless significant, increase in IFNg following instillation of water alone. This suggests that there was a small degree of injury following administration of hypotonic instillate that may promote enhanced transfection efficiency of the vector. However, specific measures to increase transepithelial permeability, by using EGTA, in this or other studies 21 have not enhanced gene expression to the level observed following instillation of LID in water.
Levels of luciferase activity generated by transfection with the LID vector were compared with lipofectin and naked DNA, all instilled in water. Luciferase gene expression with LID/H 2 O was four-fold higher than lipofection in water, but there was no difference between LID/H 2 O and naked DNA. This result is consistent with previous studies that demonstrated similar results comparing naked DNA with GL67, 22 lipofectin, 23 DO-TAP, 23, 24 and a dendrimer polyplex. 25 It is possible that there are differences in localization of the transgene following instillation of naked DNA, or that naked DNA forms cationic complexes with epithelial lining fluid surfactant or peptides. However, these hypotheses have not been assessed and they will be the focus of future studies.
The relation between vector structure and gene expression, for both receptor-mediated vector systems and non-targeted systems such as cationic liposomes, is currently unclear. 13 In this study, we have shown that intratracheal gene transfer using the LID vector appears to be improved when complexes are small and do not aggregate. Consistent with our data, a previous study assessing the size of a PEI-transferrin DNA system on in vitro transfection found that complexes made in water were smaller and more stable than those made in saltcontaining buffers. 13 However, in contrast to our study, where vector instillation in water led to higher levels of gene expression, Ogris et al demonstrated lower levels of luciferase activity in vitro. Determining the physical and chemical properties of synthetic vector systems that predispose to successful gene transfer to the lung is likely to aid the design of more efficient vector systems.
Luciferase activity increased with increasing dose of plasmid cDNA, which was apparent both biochemically and histologically. The dose-dependent increase in luciferase activity was accompanied at the highest dose by an enhanced inflammatory response. Although peptides have the potential to provoke immune or inflammatory responses, 26 dose-dependent inflammatory responses have also been observed following liposomal transfection of the lung 16 suggesting that either the liposomal or DNA components of the complex, as well as the peptide, may be responsible for the toxicity observed following transfection of high doses of the LID vector.
The plasmid DNA used in these experiments, is primarily of bacterial origin, which is rich in unmethylated CpG sequences. These sequences are immunostimulatory and induce production of Th1-type cytokines IFNg and IL-12. 27, 28 Although methylation of plasmid DNA has been shown to abolish IL-12 and IFNg production following intratracheal instillation it did not alter the cellular infiltrate. Conversely, lipid alone can provoke cellular responses of the magnitude of lipid:D-NA complexes without inducing IFNg or IL-12. [27] [28] [29] LID/ H 2 O vector transfection using 8 mg of DNA provoked a mild lymphocytosis and a small increase in levels of IFNg in BALF compared with LID/PBS, although levels of IFNg were not significantly greater than those following instillation of water alone. However, BALF levels of IFNg were 100-fold lower with the LID system than following intratracheal transfection of mice with GL67-CAT at the same time point 16 suggesting minimal immunostimulatory effects of LID/H 2 O when compared with liposomal preparations. This is further supported by the mild inflammatory response observed in histological sections from mice following instillation of LID/H 2 O containing 8 mg of pCI-luc, even after repeated dosing. Previous studies have demonstrated no diminution in gene expression following repeat intratracheal administration of the LID vector in PBS 9 or intratracheal and intranasal administration of liposomes using HEPES as the diluent. 30, 31 However, following repeated dosing of the vector in water, there was a 50% reduction in luciferase activity. It is possible that this was because of immune activation following LID vector instillation or possibly because of the effects of inhaled anaesthetics that have been shown to reduce luciferase expression regulated by a CMV promoter. 32 If indeed these are immune-specific effects, they still represent a significant improvement compared with adenoviral transduction, where a 75% reduction in luciferase activity was observed following only a single repeated administration.
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Preparing the LID vector in water increased gene expression 10-fold compared with LID/PBS. Gene expression was localized primarily to the bronchial epithelium, similar to the distribution following LID/ PBS that we have previously observed. 9 The enhanced levels of gene expression could be because of the effects of the instillate on the lung, as there was some evidence of mild hypo-osmotic damage following instillation of water alone. However, disruption of tight junctions with EGTA failed to enhance gene expression when coadministered with the LID vector. It is also possible that the properties of the LID vector in water, including a high zeta potential and smaller, stable complexes favour enhanced gene expression. Despite the highly cationic nature of the complex, there was little evidence of pulmonary toxicity using optimal doses of the LID vector, even after multiple instillations. These results further illustrate the considerable potential of the LID vector for pulmonary gene therapy, as it is able to generate high levels of luciferase activity, from very small quantities of plasmid DNA with minimal toxicity even after repeated instillation.
Materials and Methods
Vector preparation
The a5b1-specific peptide (I), K 16 -GACRRETAWACG was synthesized by Zinsser Analytic (Maidenhead, UK). Peptides were dissolved in PBS, or water, at a Formation of LID vector complexes in water alters RG Jenkins et al concentration of 1 mg/ml and cyclized by the formation of intramolecular disulphide bridges between cysteine residues by exposure to air overnight. Plasmid DNA was dissolved in distilled water at 1 mg/ml, while Lipofectin (Valentis, CA, USA) was provided at 1 mg/ml. The components of the LID complex: lipofectin (L), peptide (I) and DNA (D), were mixed in an optimized weight ratio of 0.75:4:1, respectively. 8 Lipofectin was mixed with the peptide and the resulting mixture added to the plasmid DNA. The volume of total LID complex instilled into each animal was 50 ml containing between 1.6 and 32 mg of plasmid DNA. For experiments instilling the LID vector in PBS and EGTA, the peptides, lipofectin and DNA were prepared in a 10 Â concentrated stock solution of PBS and diluted to the working concentration in PBS containing EGTA at varying concentrations.
Plasmid DNA
The plasmid pCI-Luc consists of pCI (Promega, Southampton, UK) containing the luciferase gene driven by the cytomegalovirus (CMV) immediate/early promoter-enhancer. Plasmid DNA was grown in Escherichia coli DH5a and purified, after bacterial alkaline lysis, on resin columns (Qiagen Ltd., Crawley, UK). Isopropanol-precipitated DNA pellets were washed with 70% ethanol, then dissolved in water at 1 mg/ml.
Measurement of complex size
LID complexes were made as previously described. The particle size distributions of the complex were measured by dynamic light scattering 33 with a Malvern Zetasizer 3000 system (Malvern Instruments Ltd, Malvern, UK) at a scattering angle of 901. A dispersant (continuous phase) refractive index of 1.33, similar to that of water, was used. A sample (real) refractive index of 1.59 was used following advice from the Malvern Instruments Technical Services (direct communication). The change in the refractive index of LID complex solutions as a function of sample concentration was assumed to be negligible. The hydrodynamic diameter of the LID vector was calculated using the 'moments' method by the autocorrelation function analysis software of the instrument. Given the power of the laser and the sensitivity of the instrument, the practical lower limit of accurate particle size is of the order of 10 nm at the lower limit and 3 mm at the upper limit. The size distributions were obtained from light scattering profiles reported as the intensity of light scattered by LID vector particles in each size class. For each sample, particle size distribution measurements were made five times in succession with a counting time of approximately 180 s per measurement. All measurements were made at a constant temperature of 251C. Data were expressed as the mean7s.e.m. for the five measurements.
Measurement of complex zeta potential
The zeta potential of the LID vector complex was determined using a Malvern Zetasizer 3000 system (Malvern Instruments Ltd, Malvern, UK). The instrument was calibrated with a -55 mV standard (DTS5050; Malvern Instruments Ltd, Malvern, UK) between measurements. For zeta potential measurements, which were conducted following dynamic light scattering measurements (2-3 h), the LID complexes were prepared in the desired buffer (as described above) to give a final DNA concentration of 37.5 mg/ml in a total volume of 4 ml. Measurements were performed five times at 251C.
Animals
Male C57Bl/6 mice at 4-5 weeks of age (Harlan, UK), weighing 19.670.5 g, were anaesthetized by inhaled halothane (3 l/min) in oxygen (2 l/min). The trachea was exposed by ventral incision, and the transfection mixture instilled by intratracheal injection and the wound sutured. At least three animals per group were assessed for histological analysis and seven animals per group for biochemical analysis.
Biochemical assessment of luciferase activity
At 1 or 7 days following intratracheal instillation, the mice were euthanized with pentobarbitone sodium (200 mg/ml; Sanofi Animal Health, Watford, UK). Following laparotomy and exsanguination, the lungs were perfused via the right atrium with heparinized PBS until free of blood. The lungs were removed and blotted dry prior to snap-freezing in liquid nitrogen. The lungs were weighed, then crushed under liquid nitrogen, in a pestle and mortar, prior to addition of cell lysis buffer (Roche Diagnostics, Lewes, UK) to the powdered lung (4 ml/mg). The tissue was then homogenized, on ice, for 30 s (Polytron PT10-35, Philip Harris, Nottingham, UK). Lung homogenates were centrifuged at 10 000 g at 41C for 10 min, then 20 ml of the supernatant was added to 100 ml luciferase assay buffer (Promega) and luminescence measured in a luminometer (TD-20/20; Steptech Instruments, Stevenage, UK) and integrated over 30 s. All results were repeated in triplicate and the mean calculated. The total protein concentration in the lysate was measured using previously described methods 34 (Bio-Rad, Hemel Hempstead, UK) and using bovine serum albumin (BSA) as a standard. Luciferase activity was expressed in RLU for each sample of lung lysate minus the background and normalized per milligram of protein. It has previously been established from luciferase standards (Roche Diagnostics, Lewes, UK) that 1 RLU is equivalent to approximately 10 fg of luciferase.
Assessment of luciferase transgene localization by immunohistochemistry
At 2 days after intratracheal instillation, the animals were euthanized with pentobarbitone sodium (200 mg/ml; Sanofi Animal Health, Watford, UK). Following laparotomy and exsanguination, the lung vasculature was perfused initially with heparinized PBS and then freshly prepared ice-cold fixative (4% paraformaldehyde and 0.2% glutaraldehyde) via the right atrium. Lungs were also fixed by intratracheal instillation of fixative at a pressure of 20 cmH 2 O for 15 min. After further immersion in fixative overnight at 41C, lungs were transferred to 15% sucrose in PBS prior to dehydration in alcohol. The lungs were dissected and each lobe embedded in paraffin wax. Sections 5 mm thick were cut, dewaxed and rehydrated. Tissue endogenous peroxidase activity was blocked by incubating sections with 3% hydrogen peroxide. Sections were washed and incubated with a 1/6 solution of normal rabbit serum prior to incubation a 1:100 dilution of goat anti-firefly luciferase antibody (Promega, Southampton, UK) for 2 h at room temperature. The sections were washed in TBS and incubated 
BAL and analysis of BAL fluid cells and inflammatory mediators
At 2 days following instillation animals were euthanized as described above. Following exsanguination, the trachea was cannulated and the lungs were lavaged ten times with 0.5 ml aliquots of PBS. Each aliquot was instilled slowly over 15 s and remained in situ for 30 s prior to gentle removal of the PBS over 15 s. The lavage fluid was kept on ice throughout the lavage procedure. Following BAL, the samples were centrifuged at 300 g for 5 min at 41C. The supernatant was removed for analysis of inflammatory mediators and stored, as 1 ml aliquots, at À801C until required. The cell pellet was resuspended in 500 ml of PBS containing 100 mg/ml BSA and kept on ice. An aliquot of the cellular suspension was counted. Cytocentrifuge preparations were prepared (Cytospin 3, Shandon, UK) and stained with haematoxylin and eosin and differential cell counts performed. At least 500 cells per sample were differentiated using conventional criteria for macrophage/monocytes, lymphocytes, or polymorphonuclear cells. Slides were coded and differentiated in a blinded fashion. PGE 2 levels were determined in the lavage fluid using an enzyme immunoassay according to the manufacturer's protocol (Amersham, Little Chalfont, UK). TNFa, IL-1b and IFNg were assayed in lavage fluid using an enzyme-linked immunosorbent assay according to the manufacturer's protocols (TNFa and IFNg Pharmingen San Diego, CA, USA and IL-1b R&D systems Abingdon, UK). The limits of detection for the PGE 2 EIA was 40 pg/ml and for the TNFa, IL1b and IFNg ELISA's 15.6, 22 and 4.7 pg/ml, respectively.
Histological assessment of lungs for inflammation
The lungs of mice were embedded in paraffin wax as described above and 5 mm sections thick were cut and stained with haematoxylin and eosin. The sections were then scored to determine the extent of inflammation in each section. The scoring system was based on that described by Aschroft et al. 35 Lungs were analysed at high power ( Â 1000 original magnification) and five random fields per lobe were analysed by two independent observers in a blinded fashion. Each field was ascribed a score of 0-3: 0, represents normal lung with no inflammation; 1, mild interstitial infiltrate; 2, interstitial inflammation with alveolar exudates; 3, complete obliteration of the alveoli. The mean score for each lobe was determined and at least 10 lobes per treatment group were analysed.
Statistical analysis
Luciferase activity, assessed biochemically in whole-lung lysates, was not normally distributed. The data are therefore shown as the median and range of values and differences between groups assessed using the MannWhitney U-test. For assessment of dependent variables, a Kruskal-Wallis test was used. All other data were normally distributed and therefore a Student's t-test was used. A P-value o0.05 was considered significant.
